• Clear seasonal variation of Lung Deposited Surface Area (LDSA) concentrations is 16 observed with higher values in winter. 17
Introduction 1
The surface area concentration is an important property of atmospheric aerosol particles which 2 links aerosol loading to its health effects. Over recent years a number of epidemiological studies 3 have shown that atmospheric particle surface area concentration may have a stronger correlation 4 with negative health effects than particle mass or number concentration ( Table 1 gives a summary of the instruments used in this study at both sites. In the AURN station 5 in Leicester, lung deposited surface area (LDSA) was measured by a Nanoparticle Surface Area 6
Monitors (NSAM, TSI 3550) originally developed by Fissan et al. (2007) . The NSAM 7 operational principle is based on diffusion charging of particles followed by detection of the 8 charged aerosol using an electrometer. The instrument can be switched between two sampling 9 modes: the tracheobronchial and alveolar fractions of the total particle. The NSAM monitor 10 was designed to report the surface area of particles only deposited in the alveolar and 11 tracheobronchial regions when the ion trap voltage is set to 200 V and 100 V, respectively 12 (Asbach et al., 2009). In this study the NSAM was set to measure the alveolar lung-deposited may cause significant changes in the lung deposition curves, which is a factor that cannot be 19 measured by this instrument. 20
The particle number size distributions were measured by a Mobility particle size spectrometer 21 (type Grimm SMPS+C 5420 with L-DMA). The size spectrometer consists of a Neutralizer 22 (Vienna type L-DMA, ~ 50 cm long), connected to a butanol-based Grimm-type condensation 24 particle counter (CPC). The flow rate of the CPC is 0.3 L/min. To measure a 10-1100 nm range, 25 the sheath air flow rate is 3 L/min. A complete scan of the particle number size distribution with 26 45 size bins was done in 10 min. The software corrects for internal diffusion losses and the 27 bipolar charge distribution (Wiedensohler, 1988) . Aerosol was kept at low relative humidity 28 (RH) with a Nafion dryer in the inlet system. However, such a drying system can leads to extra 29 losses of the small particles (< 70 nm). Although in JOAQUIN project these losses were 30 calculated and corrected for, the losses might have been higher, as can be derived from field 31 tests (Joaquin, 2015; Wiedensohler et al., 2012) . 32
The total particle number concentration (NTOTAL) was measured by a Water-Based 1 Condensation Particle Counter (W-CPC, TSI Environmental Particle Counter (EPC) model 2 3783 http://www.tsi.com/environmental-particle-counter-3783) from November 2013 to May 3
4
The TSI instruments (W-CPC and NSAM) are connected to environmental sampling system 5 (TSI 3031200). The components of the TSI 3031200 are a PM10 inlet, sharp cut PM1 cyclone, 6 flow splitter and Nafion dryer (reduces humidity to less than 50% RH). 7
The mass concentration of equivalent black carbon (eBC) was measured by a Multi-angle 8 Absorption Photometer (MAAP Thermo Scientific model 5012) for the whole period (Petzold 9 et al., 2013). The MAAP determines particle light absorption owing to the light transmission 10 and backscattering at two angles of particles collected on the filter tape (glass fibre type GF10). 11
The eBC mass concentration is calculated using a constant mass absorption cross section of 6. The data were split into three time periods consisting of a so-called the cold period (November 4 to April), the warm period (May to October) as well as the whole period. Statistics for LDSA, 5 eBC, and NOx concentrations are shown in Table 2 Table 3 . There is other evidence that is confirmative to the relationship between LDSA concentration 28 and traffic emissions. During the weekends, the diurnal variations for LDSA, eBC and NOX are 29 similar, but differ from those on weekdays. Without traffic rush hours, lower concentrations 30 were observed in the early morning. Moreover, the LDSA evening peak on weekends in the 31 cold period shows higher than that observed during the warm period. This observation might 32 be related to the increasing traffic activity owing to that people are going out for restaurants or 1 shopping at late afternoon, and also may impact of higher emissions from cooking and domestic 2 heating when people staying at home during weekends (Allan et al., 2010). Additional 3 weekend contributions to LDSA stem from events such as barbeques and late night activities 4 on Saturdays, which result in a peak occurring later in the day and lasting for longer. 5 The correlation between LDSA and different size range of particle number concentrations 26 measured by SMPS (not shown) agreed with the results found in the previous study by Reche 27 et al. (2015) . The results showed that the highest correlation between LDSA and particle 28 number size in the range 50-200 nm. However, low correlation was observed between LDSA 29 and particle number concentrations in the size range 10-30 nm, as these particles are outside 30 the NSAM size range (20-400 nm). In addition, a proxy LDSA was calculated from SMPS 31 particle size distributions for the entire period by the method described in (Reche et al., 2015) . 32
The highest correlation (R 2 =0.89) between the measured LDSA (from NSAM) and calculated 1 LDSA from PNSD encompassed the range 20-400 nm (see Figure 6a- as shown in the lowest panel of Figure 9 . During the NPF event (from 10:00-18:00) the volume 28 concentration has not been significantly increased. The reason is that new particles are small 29 (10-20 nm), and therefore their contribution to the particle volume is insignificant (Wehner and 30 Wiedensohler, 2003) . However, between 18:00-20:00, the volume concentration shows a peak, 31 this probably owing to the influence of traffic emissions which is coincides with evening rush 32 hours. The particle number size distributions showed a clear 'banana' shape, lasting from 10:00 1 up to 18:00, indicated as high levels of 20-50 nm particle number concentrations owing to the 2 growth of newly formed particles to larger particle sizes. During the NPF event LDSA 3 concentrations increased nearly doubly (from 15.5 µm 2 cm -3 to 35.5 µm 2 cm -3 ) which is 4 comparable to results from a previous study in urban Barcelona (Reche et al., 2015) where an 5 LDSA increase was observed during such an event. In addition, the LDSA continues to increase 6 after 18:00 until 22:00. This is probably being linked to the anthropogenic emissions (such as 7 traffic and domestic heating emissions) and also may effect of NPF on LDSA concentration. 8
Significant increase of eBC concentrations during the event are not observed, but a slight 9 increase is observed after 15:00 that might be related to the traffic emissions; the average black 10 carbon concentration was 0.58 µg m -3 , lower than before and after the event at 1.59 µg m Figure 10a clearly shows the LDSA peak follows NPF peak while NOx does not. 18 Figure 10b shows the diurnal variation of non-NPF event days, it can be seen there is no peak 19 for the nucleation mode particles and also LDSA has similar profile as nucleation mode 20
particles. There seems to be a generaliseable phenomenon that the NPF events can contribute 21 to an increase in LDSA, though there is a need to extend this to full seasonal coverage. whilst eBC concentrations were low, suggesting that the LDSA did not originate from a fossil 7 fuel combustion source, indicating NPF may be another source of LDSA. 8
Overall it can be concluded that vehicle emissions and biomass burning, particular domestic 9 heating in cold season, in an urban area such as Leicester are the main sources of increased 10 LDSA, eBC and also particle number concentrations. 11
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